In this review we have aimed to focus on the clinical management of familial melanoma patients and their relatives. Along this line three major topics will be discussed: (1) management/screening of familial melanoma families: what is advised and what is the evidence thereof; (2) variability of families worldwide with regard to clinical phenotype, including cancer spectrum and likelihood of finding germline mutations and (3) background information for clinicians on the molecular biology of familial melanoma and recent developments in this field.
Introduction to the Clinical Phenotype and Diagnostic Criteria
Melanoma is hereditary in approximately 10% of the cases [1, 2] . The diagnostic criteria are defined as the occurrence of invasive cutaneous melanoma in two or more first-degree family members, or three or more family members (irrespective of the degree of relationship) on the same side of the family. Familial melanoma is also known as Familial Atypical Multiple Mole-Melanoma (FAMMM) syndrome [3] . Although many members of melanoma families exhibit atypical nevi, the occurrence of clinical atypical nevi (CAN) is not required for the diagnosis [4] . However, the presence of multiple atypical nevi in family members means that they are three times more likely to be carrier of a mutation in a melanoma predisposing gene than their relatives without atypical moles [5] .
OPEN ACCESS
Atypical nevi (formerly known as dysplastic nevi, named after their histological characteristics) can be defined as large, acquired melanocytic nevi, predominantly flat or macular, with several of the following features: asymmetry, indistinct borders, variation in pigmentation and a diameter of 5 mm or larger ( Figure 1 ). There is no consensus on the definition of CAN. In some instances histological characteristics of dysplasia can be found in nevi smaller than 5 mm and in some instances no histological features of dysplasia can be found in moles fulfilling all clinical criteria of CAN mentioned above. Also, no international agreement exists on the histological criteria of dysplasia, although in most publications the same features are mentioned: loss of normal nevus architecture, increase of stromal tissue and inflammatory infiltrate and most important (some degree of) hyperplasia and cytological atypia of melanocytes [6, 7] . It is important to realize that for international studies very strict definitions should be maintained for the sake of comparability. However, for patient care the definitions should be applied less strict and the concept of CAN should be envisioned as a continuum of increasing degrees of atypia that may stabilize at any point, or continue towards melanoma in rare cases [8, 9] .
Notwithstanding the above mentioned uncertainties it is after all very well possible to recognize hereditary melanoma families in clinical practice. Subsequently a screening program can be offered to those at increased risk and thereby early detection of melanoma can be realised [10, 11] . Practical guidelines are being provided in the next part.
Management of FAMMM Families: Practical Guidelines and Review of the Evidence Thereof
The basis of recognizing familial clustering of melanoma is a family history to be obtained from all melanoma patients and all patients with multiple atypical moles. A rough drawing of a pedigree, during the family history, will help the clinician to oversee the structure of the pedigree and decide whether that family fulfills the diagnostic criteria. A checklist can be used to identify possible new melanoma-prone families (Table 1) . The ages at diagnosis of the melanomas as well as multiple melanoma (MM) cases should be indicated in the pedigree, as MM and melanomas before the age of 40, in the presence of a family history, are indicative of familiality for the disease. In addition the occurrence of other types of cancer, especially pancreatic carcinoma should be depicted in the pedigree. In countries where founder mutations are known to be associated with pancreatic carcinoma (see section on variability of FAMMM) the occurrence of this tumor might be included in the diagnostic criteria.
The next step is to extend the pedigree with all first-and second degree family members of melanoma patients to identify additional family members at increased risk. These family members should be advised to undergo a total body skin examination by a dermatologist and join regular screening programs. Despite the fact that dermatologists should be aware of hereditary melanoma, in many countries clinical geneticists are the appropriate specialists to validate the diagnosis. Apart from constructing concise medical pedigrees, access to pathology reports on tumors and identification of additional family members at increased risk belong to their specialty. In about a quarter of the families presented to the Dutch Familial Cancer Registry, cancer cases appear to be miscategorized by the patient after verification, jeopardizing the diagnosis of familial melanoma. Dermatologists, surgeons and other specialists dealing with melanoma patients might therefore better refer the patient to a department of Clinical Genetics. After the diagnosis of familial melanoma has been ascertained, in several countries the patient/family can seek genetic counseling and genetic testing. Because DNA testing melanoma cases are only informative that may be a problem in families in which all melanoma patients have died. Only in families with well known causal mutations predictive DNA testing is an option for family members who want to know their gene carrier status [12] .
There is no evidence that all family members, regardless of the occurrence of atypical nevi should be included in regular screening programs. In the Leiden Pigmented Lesions Clinic (PLC) we have decided to include all first-and second degree family members in clinical management after we noticed that about 20% of our familial melanoma patients did neither show any atypical nevus nor any banal nevi at all. Inclusion of second degree relatives in regular screening protocols will significantly increase the workload of the PLC and therefore clinical studies about the efficacy of this practice are needed.
There is no worldwide accepted policy for regular skin screenings and in some countries even legal considerations (lawsuits) might have influence on the frequency of examinations. At the Leiden PLC 90% of the patients are examined only once a year, the other 10% are advised to visit every 4-6 months because of very high numbers of atypical nevi. All patients (preferably in the presence of the partner) are instructed for skin self-examination (SSE) and advised to come back at once when they notice any change in an existing mole or a new mole after the age of 30. A total body mapping digital photo session [13] of all patients with atypical moles is performed and patients are provided with a CD with their photographs. The photographs are also stored on the hospital IT-system of the LUMC and can be used as a reference during each visit at the PLC. Due to the very variable phenotypes of the patients and the inclusion of first-and second degree relatives in the screening protocol, these photographs are actually reviewed in about 25% of the patients attending each clinic. The other patients show no worrisome moles that require serial digital examination.
Additional investigation of atypical moles with dermoscopy or other microscopic techniques is indispensable [14] . In patients at very high risk, in addition to clinically suspicious lesions, all changing moles, all symptomatic (itching, stinging, ‗active') moles and all indistinct lesions are excised for histopathology. Excisions are always complete (in toto) to facilitate the histological investigation.
As sun sensitivity (light skin type, red/blonde hair color) and exposure to UV radiation are additional risk factors for melanoma, members of melanoma families should be informed about these risks and advised to avoid sunburn and tanning activities. Epidemiologic observations suggest that in particular sunburns in childhood are associated with susceptibility to melanoma [15] . These points should be stressed in patient education, including educational leaflets.
Efficacy of Screening/Surveillance of FAMMM Families
Because little clinical research seems to have been published about the efficacy of screening/surveillance of FAMMM families the authors have sought to verify this impression and conducted a systematic review of the literature from the year 2000 till December 2009 (Table 2) . Finally 56 publications (Table 3 ) remained of (some) interest, of which 25 were reviews or guidelines in which no new results were presented. These reviews did not actually ‗review' research data on screening or management of familial melanoma families but rather mainly gave the opinion of experts in the field [12, . However, in evidence based medicine the opinion of experts is regarded as the lowest class of evidence. Of the 31 remaining publications nine reported on specific founder populations [40] [41] [42] [43] [44] [45] [46] [47] [48] . None of these publications reported follow up or management data. Eight papers dealt with (predictive) DNA diagnosis. Leachman et al. have tried to identify the small proportion of melanoma patients who benefit most from DNA diagnosis. Because of the variability in the rate of CDKN2A mutations they advocate different approaches in different countries. Except in regions of high melanoma incidence (Australia) they advise testing in individuals with three or more primary melanomas and in melanoma patients from families with at least one invasive melanoma and two or more other invasive melanomas or pancreatic cancers on the same side of the family [49] . Kasparian et al. explored the uptake of predictive DNA testing in an Australian population of melanoma patients with varying degrees of hereditary melanoma risk [50, 51] . They concluded that individuals at highest risk, females more than males, were most interested in predictive DNA testing. They stressed the importance of identifying misconceptions that may impede decision making about genetic testing. De Snoo et al. and Riedijk et al. also showed that the motivation of those likely to decline testing appeared to be associated with disease misperceptions [52, 53] .
In general DNA testing in hereditary melanoma does not seem to be associated with worrisome levels of distress, as measured after test reporting and counselling [54, 55] . After a positive DNA diagnosis the compliance of early melanoma detection behaviors increased in a study from Utah [56] .
Five papers reported on the risk of pancreatic carcinoma in FAMMM families and discussed that families with mutations in the major melanoma gene CDKN2A should be considered for pancreatic cancer surveillance [57] [58] [59] [60] [61] . Also, with respect to pancreatic carcinoma no evidence for screening guidelines does exist. The best method to find pancreatic carcinoma in an early phase is unknown. Two studies from the Netherlands report that screening with endoscopic ultrasonography is feasible and safe. They found early asymptomatic lesions in the pancreas in 7% of their study population [61] . However, whether screening improves survival remains to be determined. Research on ‗patient friendly' ways for early diagnosis of pancreatic carcinoma (e.g., detection of tumour associated markers in serum or stool) is badly needed for surveillance of CDKN2A positive families.
Five papers dealt with phenotypic or environmental factors relevant to management of melanoma families. Briollais et al. reported that melanoma families irrespective of their gene status show a significant aggregation of the following melanoma risk factors: large number of nevi, light phototype and a high degree of sun exposure [62] . They concluded that familial melanoma may be the result of an accumulation of several genetic factors in the absence of a known major melanoma-associated gene defect. This clinical observation has been supported by a study in Sweden where MC1R variants (red hair, light skin) were found to be associated with an increased risk of melanoma in members of hereditary melanoma families [63] .
Hornbuckle et al. investigated patterns of metastasis in familial and non-familial melanoma and found no significant differences in two groups of 38 familial cases and 114 matched non-familial melanoma cases with metastatic disease [64] . This means that familial melanoma patients do not need to undergo a more vigorous oncological follow-up program for their melanomas.
In familial and non-familial melanoma patients with multiple primaries, Gillgren et al. investigated differences in the body distribution of melanomas [65] . This study revealed that familial melanomas were found significantly less on the head and neck than on the trunk. Florell et al. Combined the Mormon pedigrees with the Utah cancer registry [66] and concluded that prognostic factors like gender, tumour thickness and level of invasion do not differ between familial and non-familial melanomas, and that there is no difference in survival. They also concluded that familial melanoma does not seem to have a significantly different biologic behaviour.
After all, four papers remained in which results relevant to screening of melanoma families were described [4, [67] [68] [69] ]. An American study showed that the mean tumour thickness of prospectively identified melanomas (i.e., by means of screening activities) was 0.46 mm and of those identified prior to the study 1.03 mm (in 17 CDKN2A positive families) thus indirectly illustrating the efficacy of screening [4] .
A Swedish group has evaluated a program in which 280 melanoma families were followed for 14 years between 1987 and 2001 [67] . Only 69 percent of these families fulfilled the criteria for hereditary melanoma (as mentioned in the introduction above). In this study the median tumour thickness of the 41 ‗hereditary' melanomas was significantly thinner compared to the median tumour thickness of the general population. The median tumour thickness of 26 invasive melanomas was 0.5 mm and 15 (37%) were melanomas in situ. Sixty-six percent of all melanomas discovered during the study were diagnosed in patients who had had at least one previous melanoma. In addition, melanoma patients had a significantly more sun sensitive skin type and a higher number of atypical moles as compared to non-affected family members [67] .
Instruction for skin self examination (SSE) is an important part of screening high risk patients. Motivational factors for the performance of SSE in a cohort of familial melanoma patients were investigated [68] . One third of this high risk population did not report an adequate frequency of SSE. Adequate performers of SSE were more likely to have a partner, had a more positive attitude towards SSE and perceived SSE less difficult to perform compared to poor performers. Clearly families with a history of melanoma may benefit from knowing about their risk and behaviours to modify that risk. The purpose of one study was to qualitatively describe intra familial risk communication in relation to screening to generate factors that might hamper early diagnosis of melanoma [69] . We can learn from this study that most families had a high awareness of their melanoma susceptibility, discuss risk behaviours with each other and feel obliged to tell others to minimize sun exposure [69] .
In conclusion, although it is generally advised to invite members of melanoma prone families to regular skin examinations, no evidence exists on several aspects of such a screening program. It is thought that members of melanoma prone families should be followed up with total body photography, with or without dermoscopy pictures of atypical nevi; however this is an elaborate approach, which requires the availability of a photographer and a nurse. Still the efficacy of it remains to be proven. Furthermore there is neither evidence of the efficacy of including second degree family members or family members without (atypical) moles, nor about the age to start (melanomas before puberty are extremely rare) or end (at age 60, 70 never having had melanoma). Psychological, motivational and communicational aspects of familial melanoma are sparse as well.
FAMMM: Phenotype and Genetic Variability
The FAMMM syndrome exhibits variability in almost all aspects of the phenotype: penetrance of the melanoma trait, the presence of atypical nevi, association with other tumor types, the age of youngest diagnosis of melanoma, the percentage and number of multiple primary melanomas, the likelihood of finding mutations, etc.
The chance of finding mutations in CDKN2A in melanoma families was examined in 385 families worldwide and found to vary widely across continents [70] . The frequency of mutations increased significantly as the number of melanoma cases in the family increased, with the highest likelihood of finding mutations in ≥6 case families in Australia, ≥5 case families in the USA and ≥4 case families in Europe. The frequency of mutations also depended on the number of multiple melanoma cases in the family and a low median age of melanoma diagnosis. Also these variables differed in a predictable direction between the continents: in Australia more multiple primary melanoma cases and lower median age at diagnosis were needed to increase the likelihood of finding a mutation [70] . In Italy the likelihood to identify CDKN2A mutations in families with two melanoma cases was 25% [71] .
Bishop et al. modeled penetrance for melanoma in 80 families with mutations in the major melanoma gene CDKN2A, and an average of five melanoma patients per family [72] . Overall CDKN2A mutation penetrance was 0.30 (95% CI 0.12-0.62) by age 50 and 0.67 (95% CI 0.31-0.96) by age 80. Penetrance estimates differed according to the population incidence rate of melanoma: by age 80 years 0.58 in Europe, 0.76 in the USA and 0.91 in Australia [72] . The GEM study group studied lifetime risk of melanoma in CDKN2A mutation carriers present in a population-based sample and estimated the penetrance of melanoma in CDKN2A carriers as 0.28 (95% CI 0.18-0.40). It thus appeared that CDKN2A mutation carriers in the general population have a lower risk of melanoma compared to carriers from multiple case families, which is probably due to the co-existence of genetic variants that affect risk [73] .
Although pancreatic carcinoma was described in earlier reports of familial melanoma kindred in the USA [3] , the first association that CDKN2A mutations also predispose patients to pancreatic carcinoma was established in Dutch melanoma families harboring a founder mutation in CDKN2A, known as P16-Leiden deletion [74] [75] [76] [77] . Nowadays this association is recognized in many families with CDKN2A mutations worldwide [57, 77] , not only for mutations affecting the p16 transcript of the CDKN2A gene but also the p14ARF transcript, albeit to a lesser extend [78] . The melanoma genetics consortium (Genome) studied the relationship between pancreatic cancer and familial melanoma and found that the occurrence of pancreatic carcinoma significantly predicted the likelihood of finding CDKN2A mutations, with the exception of Australia [70] . In Australia the spectrum of mutations seems to be different from Europe and the USA. It has not been possible to attribute pancreatic cancer to certain CDKN2A mutations yet.
A risk analysis in 19 Dutch P16-Leiden families with 656 relatives revealed a cumulative risk of developing pancreatic cancer in assumed mutation carriers by age 75 of 17% [79] . Pancreatic carcinomas were found in seven of these 19 families. The mean age at diagnosis was 58 years (range 38-77), which is seven years earlier than the age of diagnosis of unselected cases of pancreatic carcinoma. Lynch et al. approached the subject from the perspective of familial pancreatic carcinoma and reported 12% of their pancreatic carcinoma families to be associated with the FAMMM cutaneous phenotype in association with a CDKN2A mutation [59] . These families showed, besides early onset pancreatic carcinoma several other types of cancer such as cancers of the upper digestive tract (in particular esophageal cancer), breast and lung cancer. These associations have been attributed to an ascertainment bias (family selection at a hereditary cancer clinic) by many investigators; however the broad tumor spectrum could be confirmed in Dutch P16-Leiden families which had been ascertained at a pigmented lesions clinic [79] . This analysis included 1,528 individuals and over 35,000 person years of follow-up and showed a significant increased risk of non-melanoma skin cancer (RR 24), tumors of the oral cavity (RR 7.8), lung cancer (RR 5.6) and breast cancer (RR 2.1) in mutation carriers. Brain tumors were also found in excess [79] .
High Risk Melanoma Gene Search Reflects Complexity
The search for familial melanoma genes started already decades ago. Linkage initiatives in small numbers of families undertaken by several genetic research laboratories painfully showed that identification of high risk melanoma genes is difficult, probably reflecting the complex polygenetic nature of the disease. Only one initiative in well described families from Utah and Texas revealed a locus from which a melanoma predisposing gene was cloned [80, 81] . This CDKN2A gene turned out to be an important cell cycle regulator with a key tumour suppressor role acting in the gestation or promotion of several cancer types [81] .
CDKN2A encodes for two disparate proteins p16 (exons1α, 2, and 3) and p14ARF (exons 1β, 2 and 3) [82] . P16 is a cyclin-dependent kinase inhibitor with cell-cycle control functions and an inducer of senescence of melanocytes [83, 84] . P14ARF blocks HDM2 inhibition of p53 activity, so that this locus impacts on two key pathways in cancer, the retinoblastoma pathway and the p53 pathway [82] . In addition, two other functions have been attributed to p14ARF: sumoylation of several of its binding partners [85] and regulation of ribosome biogenesis [86] . The majority of the germline mutations reported for familial melanoma are present in CDKN2A exon 2 and impact most of the time on both proteins. Mutations in exon 1α impact on p16 alone and those in exon 1β on p14ARF alone. Since mutations occurring in exon 1α or exon 2 display no apparent difference in the cancer pattern in families and since the percentage of mutations affecting exon 1β is still low (2%) [87] , it is surmised that p16 protein is key. However, currently there is a slight trend that hereditary mutations at the locus impacting on p14ARF are related to the occurrence of neural system tumours in melanoma families [88] .
A second melanoma susceptibility gene, CDK4, was identified by candidate gene approach. Very small numbers of families (2%) have hereditary mutations in this gene, which encodes for the p16 binding site. The mutations restrict themselves so far to two missense mutations at codon 24 in exon 2 of the CDK4 gene resulting in amino acid changes Arg24Cys and Arg24His [89, 90] .
Worldwide the chance of finding a mutation in these two recognised high risk melanoma genes in families with three or more cases of melanoma is approximately 40% [70] . The possibility that the missing mutations or inactivation of CDKN2A in remaining families can be explained by deletion or epi-mutation of the CDN2A locus respectively, has been excluded [91, 92] . Absence of mutations at the CDKN2A or CDK4 loci, even in families with very large numbers of melanoma cases therefore indicate other yet to be identified high penetrance susceptibility genes. Evidence for a new locus on chromosome 1p22 was already published seven years ago, but a new melanoma gene has not yet been identified [93] .
In the search for additional genetic risk factors for melanoma it appeared that polymorphisms in genes controlling skin colour act as risk factors for melanoma [94, 95] ; a finding that is not that surprising since melanoma is especially a disease in white skinned individuals.
Skin colour is a result of melanin synthesis commenced with the binding of the melanocytestimulating hormone (αMSH) to the melanocortin-1 receptor (MC1R) [96] . The subsequent signalling cascade acting through the secondary messenger adenylate cyclase results in up regulation of tyrosinase. The initiation of these events produces a series of spontaneous and catalytic reactions ultimately resulting in the production of brown/black eumelanin. Another ligand of MC1R is the agouti signalling protein (ASIP). Binding of ASIP to MC1R results in the blockage of the αMSH signalling cascade, then ineffective eumelanin production [97] . Produced pigment is transported within melanosomes. P protein (OCA2) plays an important role in melanosome biogenesis, and controls the eumelanin content in melanocytes [98] , in part via the processing and trafficking of tyrosinase-the rate limiting enzyme in melanin synthesis [99] . The fact that variants in the MC1R receptor gene control, at least in part, some of melanoma risk factors such as red hair [100, 101] and freckles [102] , identify MC1R as a candidate probably low risk melanoma susceptibility gene. Its role as such has become even more apparent after performing recent genome wide single nucleotide polymorphism (SNP) association studies in a huge melanoma case-control cohort [103] .
Genome wide association studies allow much more powerful approaches to the identification of low to medium penetrance susceptibility genes. Of interest is that SNPs in or near genes previously identified as associated with sun-sensitive phenotypes, such as variants near the ASIP locus (which codes for the agouti protein), the tyrosinase locus (TYR) and tyrosinase related protein 1 (TYRP1) are now identified as melanoma susceptibility genes [103] [104] [105] . Of particular interest however is that a -hit‖ on chromosome 9, near to CDKN2A, is associated both with melanoma risk and nevus number [106] . A second nevus locus was identified on chromosome 22 and this was the first clear evidence of nevus genes from genome wide studies. These exciting developments have the potential to identify the biological implications of these genes and to better understand how melanoma develops.
Conclusions
Melanoma families have been identified worldwide, but joint efforts have only revealed major melanoma-associated gene mutations in less than halve of the families, mostly CDKN2A mutations, involving two cell cycle controlling proteins called p16 and p14ARF. The chance of finding mutations was found to vary widely across continents, with chances of finding mutations in 2 case families and in multiple melanoma patients being low.
Additional genetic risk factors for melanoma appeared to be polymorphisms in genes controlling skin color, positioned in the melanocortin-1 receptor pathway. It is thought that combinations of several of these low-risk melanoma associated gene mutations may be responsible for familial clustering of melanomas as well.
Pancreatic carcinoma appears to be part of the tumor spectrum associated with several CDKN2A mutations worldwide. Risk estimates revealed a cumulative risk of 17% by age 75.
Guidelines for screening members of melanoma prone families are primarily based on expert opinions, not on significant evidence from clinical research. It is generally advised to invite members of melanoma prone families to join regular skin examinations and to use total body photography and serial dermoscopy to facilitate screening. Patients should be instructed for skin self examination. All countries should aim to develop national guidelines for screening and set indications for genetic counseling and DNA testing of members of melanoma families.
